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Use of human papillomavirus (HPV)
testing in cervical cancer prevention
is increasing rapidly. A DNA test for
13 HPV types that can cause cervical
cancer is approved in the United
States for co-screening with cytology
of women >30 years old and for tri-
age of women of all ages with equivo-
cal cytology. However, most infections
with HPV are benign. We evaluated
trade-offs between specificity and sen-
sitivity for approximately 40 HPV
types in predicting cervical intraepi-
thelial neoplasia 3 and cancer in two
prospective studies: a population-based
screening study that followed 6196
women aged 30–94 years from Costa
Rica for 7 years and a triage study that
followed 3363 women aged 18–90 years
with equivocal cytology in four U.S.
centers for 2 years. For both screening
and triage, testing for more than about
10 HPV types decreased specificity
more than it increased sensitivity. The
minimal increases in sensitivity and in
negative predictive value achieved by
adding HPV types to DNA tests must be
weighed against the projected burden
to thousands of women falsely labeled
as being at high risk of cervical cancer.
[J Natl Cancer Inst 2005;97:147–50]

Human papillomavirus (HPV) DNA
testing has been shown in numerous ep-
idemiologic studies worldwide to in-

crease the early detection of cervical
cancer and its precursors when used
alone or with cytology screening (1–3).
Because early detection and treatment
can greatly reduce cervical cancer inci-
dence and mortality, the U.S. Food and
Drug Administration (FDA) recently ap-
proved HPV DNA testing as an adjunct
to Papanicolaou screening in women
aged 30 years and over and for triage of
women of all ages with equivocal cytol-
ogy (3–6). Several HPV test systems
exist; so far, the FDA has approved one
test that targets 13 HPV genotypes that are
known to cause cervical cancer (HPV16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,
and 68) (7).

A recent report suggested that five
HPV types that are not included in the
FDA-approved probe set (HPV26, 53,
66, 73, and 82) cause small percentages
of cervical cancers (8), raising the ques-
tion of whether next-generation HPV
tests should include these HPV types. In
countries where screening test sensitiv-
ity is viewed as much more important
than specificity, the tendency is to probe
for all HPV types that are linked to
either cancer or cervical intraepithelial
neoplasia grade 3 (CIN3), the immediate
precursor to cancer. However, the spec-
ificity of HPV DNA testing is a major
concern now that millions of women
worldwide are receiving such tests, with
a sizable proportion testing positive and
therefore being sent for colposcopy and
possible treatment. Pooled HPV probe
sets yield overall positive versus nega-
tive, rather than type-specific, results;
therefore, categorizing as oncogenic
those HPV types that are only occasion-
ally associated with cancer could ad-
versely influence clinical judgment and
patient management, resulting in sub-
stantial costs, patient anxiety, and iatro-
genic morbidity. Moreover, colposcopy
itself has mediocre accuracy (9) and ex-
cisional treatment of CIN has been
linked to an increased risk of premature
births in subsequent pregnancies due to
the rupture of membranes (10).

To evaluate the impact of modifying
the HPV types in a probe set, we ana-
lyzed data from two large studies con-
ducted by the U.S. National Cancer In-
stitute. The Proyecto Epidemiológico
Guanacaste (PEG) was a randomly sam-
pled, prospective screening study car-
ried out in a high-risk province in Costa
Rica (11). The ASCUS-LSIL Triage
Study (ALTS) was a randomized clini-

cal trial on the management of equivocal
and low-grade squamous intraepithelial
lesions (LSIL) carried out in four U.S.
centers (12,13).

The designs of PEG and ALTS have
been published previously (11,13). For
this analysis, we included only women
who would be recommended for HPV
testing following current U.S. guidelines
(4–6), i.e., women �30 years old in a
screening setting (as studied in PEG)
and women of all ages with equivocal
cytologic interpretations called atypical
squamous cells of undetermined signif-
icance (ASCUS; as studied in ALTS).
Specifically, HPV test results and out-
come data were available for 6196
(99.6%) of 6223 women aged 30–94
years screened in PEG (mean follow-up,
6.3 � 1.3 years) and 3363 (96.4%) of
3488 women aged 18–90 years (mean
follow-up, 1.8 � 0.6 years) studied in
ALTS. We assayed more than 40 HPV
types by using a TaqGold polymerase
with dot blot hybridization of MY09/
MY11 polymerase chain reaction (PCR)
amplification products in PEG and 38
HPV types with linear array hybridiza-
tion of PGMY PCR products in ALTS
(14,15).

To account for the insensitivity of
colposcopy as a reference standard
(13,16,17), we incorporated results from
clinical follow-up in defining CIN3 and
cancer. We reasoned that enrollment
screening tests should identify both
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prevalent and incipient CIN3—in total,
all cases diagnosed within 2 years (17).
For PEG screening, we included CIN3
within 2 years of enrollment (n � 61)
and all cervical cancers diagnosed
throughout the study (n � 37) (17). For
ALTS triage of ASCUS, we included
CIN3 (n � 291) and cervical cancers (n
� 2) diagnosed within the 2-year trial
(13).

For PEG and ALTS separately, we
estimated how test performance would
vary depending on which HPV types
were targeted. We iteratively added
types in order of maximum impact on
sensitivity to determine which types
would maximize test sensitivity, and we
evaluated changes in sensitivity and
specificity for each addition. We plotted
the receiver operating characteristic
(ROC) curves for each population and
allowed the data to guide the results
without consideration of which types are
in the currently approved assay. HPV16
was the first type to be included for both
study populations because, of all types,
it was present in the largest number of
CIN3 and cancers in both populations
and therefore had maximum impact on
sensitivity. After HPV16, the next HPV
types found in the largest number of
CIN3 and cancer samples were HPV58
in PEG and HPV31 in ALTS. We con-
tinued iterations for each population for
up to 20 HPV types; because the last
additions did not improve sensitivity,
these types were added in order of the
smallest decrease in specificity.

For screening of women �30 years
in PEG (Fig. 1), the percentage decrease
in specificity was larger than the per-
centage increase in sensitivity after the
probe pool included 12 HPV types
(HPV16, 58, 18, 31, 56, 51, 11, 68, 52,
35, 45, and 66) and no additional sensi-
tivity was gained after inclusion of the
thirteenth type (HPV71), which detected
one case. With these 13 probes, the sen-
sitivity was 89.8% (95% confidence in-
terval [CI] � 82.0% to 95.0%) and the
specificity was 88.8% (95% CI � 88.0%
to 89.6%). By comparison, using the
PCR data for the 13-type combination
included in the current FDA-approved
probe set showed a sensitivity of 86.7%
(95% CI � 78.4% to 92.7%) and a spec-
ificity of 90.4% (95% CI � 89.6% to
91.1%). HPV33 and HPV59, which are
included in the FDA-approved kit, did
not come up in our iterative model (per-
haps due to random effects reflecting the

small numbers of these types in this
population). HPV11, which is associ-
ated with anogenital and laryngeal
warts, was found in two multiply in-
fected cases of CIN3 (one with an on-
cogenic type, HPV33).

Specificity of HPV testing was much
lower for triage of ASCUS cases in
ALTS (Fig. 1) than it was for screening
in PEG because overall HPV prevalence
in ASCUS (including infections des-
tined to clear) is higher than that in a
screening population. Specificity de-
creased more than sensitivity increased
after eight HPV types were added
(HPV16, 31, 52, 58, 33, 35, 45, and 18);
at this iteration, sensitivity was 80.9%
(95% CI � 75.9% to 85.2%) and spec-
ificity was 69.8% (95% CI � 68.2% to
71.5%). Marginal (and perhaps some
random) increases in sensitivity contin-
ued until the seventeenth type was
added (HPV16, 31, 52, 58, 33, 35, 45,
18, 42, 66, 51, 73, 82, 54, 39, 84, and
53), at which point sensitivity was
90.1% (95% CI � 86.1% to 93.3%).

However, at this point, specificity was
only 51.3% (95% CI � 49.5% to
53.1%). PCR data simulating the FDA-
approved 13-type pool yielded a sensi-
tivity of 86.7% (95% CI � 82.3% to
90.4%) and a specificity of 55.7% (95%
CI � 53.9% to 57.5%). HPV56, -59, and
-68 (which are in the FDA-approved kit)
did not appear in our iterations because
they occurred only in multiple infections
with HPV types that contributed more to
sensitivity.

Figure 2 demonstrates the projected
population impact of adding HPV types
to screening and triage tests by plotting
true-positive results (numbers of HPV-
positive women referred for colposcopy
who would in fact have CIN3 or cancer)
versus false-positive results (numbers of
HPV-positive women referred for col-
poscopy who would not have CIN3 or
cancer, i.e., a measure of the burden of
testing). To make these projections, we
used the sensitivity and specificity for
each of the HPV combinations shown in
Fig. 1 and assumed a hypothetical screen-

Fig. 1. Receiver operating characteristic (ROC) curve for human papillomavirus (HPV) types in a
screening or triage test. Sensitivities of detection of cervical intraepithelial neoplasia grade 3 (CIN3) and
cervical cancer were plotted versus (100% – specificity) for increasingly sensitive combinations of HPV
types. The results for screening in the Proyecto Epidemiológico Guanacaste (PEG) are plotted with open
triangles, and the results for triage of equivocal cytology in the ASCUS-LSIL Triage Study (ALTS) are
plotted with solid diamonds. As described in the text, up to 20 HPV types were added in order of
maximum impact on sensitivity and, when the impact on sensitivity was the same, in order of minimum
decrement in specificity. For PEG, HPV types were added in the following order: HPV16, 58, 18, 31, 56,
51, 11, 68, 52, 35, 45, 66, 71, 67, 74, 59, 40, 32, 55, and 89. For ALTS, HPV types were added in the
following order: HPV16, 31, 52, 58, 33, 35, 45, 18, 42, 66, 51, 73, 82, 54, 39, 84, 53, 57, 11, and 26. The
last several HPV types added in each study did not increase sensitivity, and their corresponding points are
indistinguishable on the plots. For each study, we show as a separate point (solid circle for PEG, cross
for ALTS) the estimated performance of a probe set containing the 13 HPV types in the currently
FDA-approved HPV DNA test.
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ing population of 1 000 000 women. To
project the impact of each HPV test
combination on screening, we assumed
that 70% of women in the population
(700 000) would be �30 years of age
and screened with cytology and adjunc-
tive HPV testing (18). To project the
impact on triage of ASCUS, we as-
sumed that 4% (40 000) of women of all
ages would have ASCUS and would be
triaged by HPV testing (19). We found
that, for both screening and triage, add-
ing HPV types beyond the 13-type kit
would lead to very few additional de-
tected cases but would result in thou-
sands of additional women without
CIN3 or cancer being unnecessarily re-
ferred to colposcopy. The absolute num-
bers in Fig. 2 demonstrate that the health
burden (i.e., unnecessary referrals for
further follow-up) resulting from de-
creased specificity is particularly great
in a screening setting.

In summary, our results show that
approximately 90% of prevalent and in-
cipient CIN3 and cancer cases in both
screening and triage settings could be
detected by a single enrollment HPV
test, leading to very high negative pre-
dictive values. However, the optimal
types were not exactly the same for the
Costa Rican and U.S. populations. Some
HPV types are indisputably important
for an HPV test kit that will be used in
screening and/or triage, but adding all
possibly carcinogenic types will inevita-
bly produce a nonspecific test.

Our study populations were large and
representative, permitting a detailed ex-
amination of trade-offs between sensi-
tivity and specificity. However, we had
fewer CIN3 and cancer cases than the
largest international series of cervical
cancer (20), which remain the best epi-
demiologic guides regarding which
HPV types can cause cancer. Nonethe-

less, even large international series can
result in debatable conclusions regard-
ing the correct types to include in
screening tests. For example, in the larg-
est case control study published to date,
HPV53 was designated as a probable
carcinogen because a single case (of
1918 cancers) contained HPV53 alone
(8). However, HPV53 was one of the
most common HPV types among
women without CIN3 or cancer in our
two populations (data not shown). We
can estimate with reasonable precision
that adding HPV53 to the current FDA-
approved 13-probe pool would statisti-
cally significantly decrease screening
specificity by 1.7% (95% CI � 1.4% to
2.1%, P�.001 by McNemar’s test). In
absolute numbers, testing 700 000 women
aged �30 years old for HPV53 would
result in approximately 10 500 women un-
necessarily targeted for intensified clinical
management with virtually no additional
detection of CIN3 and cancer.

The present analysis demonstrates
testing trade-offs but is not intended to
replace formal cost–utility analyses.
However, lowered specificity, resultant
unnecessarily intensified clinical manage-
ment, and iatrogenic morbidity should be
seriously considered by those developing
and judging the next generation of HPV
DNA assays, particularly for those tests
that are intended to be applied to screening
of the general population.
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